Isoprene is a valuable monomer for the rubber and most chemical industries. The five carbon monomer is used to make synthetic latex similar to the natural and it is becoming a monomer of choice because of the possibility to manipulate its properties. The rapid development of synthetic rubber is a result of the huge demand for this material. Currently, SR is used practically in all spheres of industry and national economy with its global production exceeding 1.3 million tons per year In this paper, various methods for its production and their shortfalls were studied; the prospect for isoprene production from bio-ethanol was also highlighted.
Introduction
For over 130 years now, isoprene has always been known to be the main component of natural rubber, however, before the The rapid development of synthetic rubber is a result of the huge demand for this material. Currently, SR is used practically in all spheres of industry and national economy with its global production exceeding 1.3 million tons per year [2] .
According to the market research firm SRI consulting, Goodyear is one of the world's largest consumers of isoprene, using it to produce poly-isoprene -synthetic version of natural rubber. The enzymes company ''Genecor'' figures that the world's market for isoprene is worth as much as 2 billion USD per year [3] .
Isoprene, a colourless volatile liquid with a characteristic odor, is a homologue of 1, 3 -butadiene, in which hydrogen at the second carbon atom is substituted with a methyl group CH 3 [4] . Under normal conditions isoprene is flammable and toxic. Its maximum permissible concentration in a work area is 40 mg/m 3 .
It is practically insoluble in water, but soluble in alcohol, ether and other organic solvents [5] .
Isoprene or 2-methyl -1, 3 -butadiene has great significance as a starting monomer for the synthesis of stereoregular isoprene Overview of the Catalytic Production of Isoprene from different raw materials; Prospects of Isoprene production from bio-ethanol.
side reactions, trimethyl carbinol, methylal, dioxane alcohols, diols, ethers etc, are formed. The formation of isoprene in the second step is also accompanied with the decomposition of dimethyldioxane to iso-butylenes and formaldehyde, dihydromethylpyran, hexadiene, piperylene, terpene compounds, green oil etc.
Isobutylene contained in C5 fraction of liquid hydrocarbon pyrolysis is the raw material mainly used. However, the presence of n-butane compounds and butadiene leads to the formation of isomeric dioxane compounds which decompose to a wide range of by-products.
The second step of isoprene synthesis from isobutylene and formaldehyde is carried out in a section type reactor using energy from steam heated to 973K. Acid phosphates of group II metals are used as catalysts, calcium phosphate in particular.
The selectivity of phosphate catalyst is increased by its continous activation in the process, by the introduction of small amounts of phosphoric acid vapour directly into the catalysis zone which leads to the formation of acidic phosphates on the surface of the calcium phosphate catalyst.
Ca 3 (PO 4 ) 2 + H 3 PO 4 → 3CaHPO 4 During catalysis, coke is deposited on the surface of the catalyst, this is the reason for which regeneration is done every where the lighter products, mainly isobutylene and isoprene are separated from the decomposed dimethyl dioxane and other less volatile substances. The stream from (6) then enters the rectification column (7), where highly concentrated isobutylene is collected and returned for synthesis of dimethyl dioxane.
The distillate from (7) -raw isoprene is sent to columns 8, 9 for further rectification in order to remove impurities with high boiling points, mainly cyclopetadiene and carbonyl compounds, which are washed out in colum (10) . The distillate from column (11) is sent to vacuum column (12) in which by-products with high boiling points, mainly isoprene oligomers or green oil from the second stage of the synthesis are removed from the recycled dimethyldioxane. An extragent (made up of the mixture of isopropyl alcohol and dimethyldioxane) can be recovered for the extraction of the byproducts of the first stage of the process from the recycled dimethyldioxane, by rectification.
The contact gas from the reactor goes for condensation, while the condensate is sent to the settler where stratification into oily and aqueous layers is carried out. The oily layer undergoes rectification in a double column system, which gives corn feedstocks, while the second generation bioethanol from lignocellulosic feedstock is under extensive development [9] .
In this paper, the most common industrial methods of isoprene production and their shortfalls were studied; the possibility of isoprene production from ethanol was also highlighted.
Synthesis methods
2.1. Extraction of isoprene from C5 fraction of liquid petroleum pyrolysis.
This is the simplest method of isoprene production which involves its extraction from C5 fraction of liquid petroleum pyrolysis containing about 15 -20% isoprene. This fraction is produced as a by -product in the production of ethylene and propylene. However, the transportation of raw materials from different refineries for the industrial realization of this method creates some difficulties [1] . Environmental issues are also there to be tackled especially with the recent tightening of environmental laws.
Two step isoprene production from isobutylene and formaldehyde
The reaction of unsaturated hydrocarbons with formaldehyde The synthesis of isoprene using this method is carried out in two steps. In the first step, isobutylene is condensed with formaldehyde in the presence of an acidic catalyst such as diluted sulphuric acid to form 4, 4-dimethyldioxane -1,3 as depicted below. In each of these steps, the main reaction is accompanied by numerous side reactions. In the first step, as a result of the
Disadvantages
One of the major disadvantages of this process is the formation of numerous by products up to 0,5 ton/ton isoprene. In order to utilize some of the byproducts, trimethyl carbonyl fraction undergoes decomposition which leads to the formation of isobutylene that is recycled into the process which significantly reduces its consumption relative to 1 ton of isoprene. The decomposition of dihydromethylpyran fractions allows for the production of additional 2% of isoprene.
The need for the recovery of formaldehyde formed during the decomposition or cracking of dimethyloxidane is another shortfall but it can be taken care of by using a process in which intermediate products like methylbutanediol or isoamylene alcohols are formed, which can easily be converted to isoprene with high yields at relatively mild conditions (453 -527 K) on phosphate catalysts. However, the development of an industrial process which inculcates the formation of these intermediate compounds is hampered by the absence of methods for their selective production.
A more successful way of isoprene production through methylbutanediol formation stage was developed by the Russian institute of organic chemistry in collaboration with All -unioin scientific research and design institute of monomers in Tula,
2.3. Isoprene production via the dehydrogenation of C5 hydrocarbons.
Two-step dehydrogenation of isopentane into isoprene
Catalytic dehydrogenation of saturated, unsaturated or alkyl aromatic hydrocarbons is the main industrial method for the production of butadiene, isoprene and styrene.
Dehydrogenation can be done in two ways; one step and two yields to iso-butylenes (which is returned to the first stage of the synthesis), fraction of raw dimethyl dioxane, and isoprene distillate which contains traces of carbonyl compounds (mainly aldehydes). The raw isoprene is sent for rectification (distillation), in order to get isoprene distillate, which is further rinsed with condensate in order to get rid of carbonyl compounds. Finally, polymerization inhibitors are added to prevent the polymerization of isoprene in the distillation columns.
Advantages of the method
One of the major advantages of this method in comparison with others is the production of a product with high purity and with relatively simple methods of synthesis and purification employed. Below, in Table 1 is the composition of the isoprene distillate in %wt. The dehydrogenation of isopentane to isopentene is also accompanied by the formation of light hydrocarbons of C1 -C4, heavier of C6 and above, CO, CO 2 and coke. The production of isoprene from isopentane in comparison with the production of butadiene is more complicated by the fact that a larger amount of isomers are formed in this process than those formed during the dehydrogenation of butane.
Shortfall of the method
Isopentane and isopentene which posses the hydrocarbon skeleton of the final product are scarce due to their wide usage as high quality gasoline additive instead of tetraethyl lead. This limits their usage for isoprene production. Dehydrogenation of isopentene to isoprene (stage-2)
Technological overview of isopentane dehydrogenation into isopentene
This process is a reversible endothermic reaction. An important advantage of the two-step process is the possibility of the use of highly selective catalyst at each stage and high energy consumption significantly undermines the competitiveness of the two-step method in comparison with the one-step method.
The dehydrogenation of alkanes, isopentane in particular is a reversible endothermic reaction.
Alongside the dehydrogenation of isopentane, the following reactions also occur: In this case three isomers of isopentene; 2-methyl butene-1, 3-methylbutene-1 and 2 methyl butene are formed. However 3 -methylbutene is about 65% of the products formed. In addition to the formation of isomers, a large number of other side reactions occur but the most important ones are as follows:
-Skeletal isomerization of isopentane C 5 H 12 n iso C 5 H 12 -Isomerization with the migration of double bonds in isopentene.
2-methylbutene = 1 3-methylbutene-1 = 2-methybutene-2; contains about 10% of isoprene and at the same pressure and temperature of 873K, the fraction of isoprene increases to 33%.
Lowering the partial pressure of the hydrocarbon can be achieved not only by conducting the reaction under vacuum, but also by diluting the feedstock with an inert diluent such a steam. Thus, the thermodynamically favourable conditions of dehydrogenation of isopentane to isoprene are high temperature (above 900K) and low partial pressure of isopentane vapour in the reaction mixture.
One-step production of isoprene by dehydrogenation includes dehydrogenation of isopentane, the release of C5 hydrocarbon fraction from the contact gas, formation of concentrated isoprene and its subsequent purification.
Dehydrogenation of isopentane -isopentene mixtures into isoprene is carried out at reduced partial pressure of hydrocarbons, which is achieved by using an inert diluents or creating a vacuum in the reactor.
Advantage over the two-step process
The simplicity of the equipment and technological design of the process with regenerative cycle results to low capital investment and operational cost, flexibility of the process in respect to raw materials since C5 hydrocarbon fraction of any composition can be processed on the same plant. In Russia, the process was developed by the firm Yarsintez in Yaroslavl, Russia.
Oxidative dehydrogenation of isopentane to isoprene
Two stage oxidative dehydrogenation of isopentane into isoprene
Below are the reactions that occur during the oxidative dehydrogenation of isopentane:
1. Dehydrogenation of isopentane to isopentene ( iso-amylenes) 
One-step dehydrogenation of isopentane into isoprene
The production of isoprene via the two-step process in contrast to the one-step process is carried out in two different reactors and on different catalyst which invariably complicates and increases the cost of the process. In addition to these, the separation of isopentane -isopentene mixtures is a big problem which is absent in the one-step method. One -step dehydrogenation of isopentane into isoprene is an endothermic process, in which the dehydrogenation of isopentane to isopentene and the formation of isoprene from isopentene occur simulteanously. The yield of the main product is controlled by the thermodynamics of the process. Oxides and other compounds of alkali and alkaline earth metals, transition metals and others in melted forms or deposited on solid inert supports such as alumina, silica gel etc, can be used as iodine acceptors. These acceptors are then withdrawn from the reaction zone and are subjected to treatment using pure oxygen or air:
The released iodine and regenerated catalyst is returned to the reaction zone. In this process of dehydrogenation with iodine, a high selectivity value is achieved, which is as a result of the inhibition of cracking and deep oxidation of hydrocarbons by iodine. This kind of process is implemented in the industry.
Oxidative dehydrogenation of isopentene (2nd stage).
In contrast to the oxidative dehydrogenation of butenes, the oxidative dehydrogenation of isopentene ( isoamylenes) into isoprene did not receive significant attention and invariably not further developed. The selective catalysts for this process are oxides of iron, vanadium, molybdenum and magnesium. The common pattern of changes in the activity of metal oxides in the oxidative dehydrogenation of n-butenes allows for the presumption that the known effective catalysts of oxidative dehydrogenation of n-butene will also catalyze the oxidative dehydrogenation of isoamylenes. Iron phosphates with a stoichiometric excess of phosphorus is used as catalyst. Isoprene yield and selectivity is 70 -80% and 80 -90% respectively. It is also important to note that ferrites of magnesium and magnese, molybdenium -antimony, uranium -antimony, tin -antimony, bismuth -molybdenum catalysts have good catalytic properties.
Isoprene production from propylene
The synthesis of isoprene from propylene was first suggested by 
Skeletal isomerization of isopentane and isopentene, hydrocarbon cracking and combustion of hydrocarbons

Advantages of this process
The main advantage of oxidative dehydrogenation of C4 and C5 hydrocarbons for the production of butadiene and isoprene which is, its practical irreversibility and the absence of thermodynamic limitations can significantly increase yields of dienes and allow the process to be conducted at lower temperatures than those of the ordinary dehydrogenation. In the presence of excess acetylene, mono or disodium acetylene is formed.
NaNH 2 + HC≡CH → HC≡CNa + NH 3 , 2NaNH 2 + HC≡CH → NaC≡CNa + 2NH 3 .
In liquid ammonia, sodium acetylide reacts with acetone to form an alcoholate of dimethylacetynylcarbinol.
The alcoholate is then reduced in excess acetylene:
In the second step of the process, dehydrogenation of
Colloidal palladium on a carrier is used as the catalyst source.
The hydrogenation of methylbutynol is conducted in a liquid phase at a temperature range of 303 -353K and 0. 5 -1 MPa.
The selectivity of 99 -99,5 % is achieved in the presence of an inhibitor which allows for complete conversion of methylbutynol to methylbutenol.
In the third step of isoprene synthesis by Favorskyi's method, catalytic dehydration of methylbutenol is carried out as shown below:
The dehydration process of dimethylvinylcarbinol proceeds with complete conversion (~97%) and selectivity of 99,8%.
The produced isoprene is about 98,5% pure and does not require further purification, since it does not contain harmful contaminants and can be sent for stereospecific polymerization.
Methylbutynol can also be converted into isoprene through isopropenyl acetylene formation stage. The reaction takes place at 553K on aluminum phosphate catalyst 
Disadvantage
The main set back of this process is the large number of circulating organoaluminum compounds which makes the process presently infeasible for industrial application.
Isoprene from acetylene and acetone
The first attempt to synthesize isoprene from acetylene and acetone A method was developed using liquid ammonium solvent. In this case, the catalyst is sodium amide, which is formed by the reaction of sodium metal and ammonia 2Na + 2NH 3 → 2 NaNH 2 + H 2 . The flow chart for the process is shown in the Figure 4 .
As a result of the hydrogenation of the triple bond of iso-propenyl acetylene, Isoprene is produced. Figure 6 .
CH
An alternative process to produce bio-ethanol from algae is being developed by the company Algenol. Rather than grow
Prospects of isoprene production from ethanol
The depletion of oil reserves due to over dependence on fossil fuels, issues related to the environment and climate changes have necessitated the exploration of other alternative and sustainable resources. Ethanol is a renewable and potential source of bio-carbon today which can be used to produce wide range of chemicals and bulk petrochemicals.
3.1. Bio-ethanol the potential feedstock for Isoprene production.
Production of bio-ethanol is a prospective way to reduce both the consumption of hydrocarbons of fossil sources and environmental pollution [9] . The desire to produce bulk chemicals in a sustainable way and the availability of low-cost bio-ethanol in large volumes has, however, resulted in a wave of petrochemical production from this commodity. Ethanol is a renewable energy source because the energy is generated by using a resource, sunlight, which cannot be depleted. Creation of ethanol starts with photosynthesis causing a feedstock, such as sugar cane or a grain such as maize (corn), to grow. These feedstocks are processed into ethanol. 
